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applications of proportional. ‘calculations for students subsequently
enrolled in chemistry. Two effects were investigated: (1) the effect
of the zdurse on students' ability to do proporticnal calculations .
not plicitly ihvolving chemical concepts and ' terms, and (2)~the" !
effé§§ on students! performance in a reqular secondary school :
chemistry course. Also investigated was whether there is a
relationship between ability to do proportional calculations ani .
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effective in increasing students' ability to solve evéryday probleus, ‘
but that there was no difference in probleam- solving ability of
stujents who had taken the course. Results of the Piagetian | ’ {
investigat ion indicate that .students can be tauqht to solve both

. concgrata and forxal propor*ional calculations indepenaent of their
cognitive level when the vatlables are familiar to the students.
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. The Science-Math Project undertook the development, teaching, and assessment o

of a course on the applications of proportional, c€1culations needed by secondaryv
S

students to study chemistrk and phy51cs\ The study was condacted in tne Spr:ng of

1978 at a high school 1n a;%nall city in Connectxcut The students in this study
g - |Were predomxnantly ch11drengof blue- co]iar workers in @ Iargely whzte pOpUTat%pn.,q~.‘
Of the 1979 graduatxng cias§aat this high schoo? 69% of the 273 students igtende

to g0 on to further schoal1ﬁ§ and 37% of, the total graduates were plann;ng to go to
§ : L I /

The sample for the study%ﬁas drawn by random selectton of sect{bn§~df non-honors

‘

a. four-year col1ege
'students taking college-bound’ §tology There were four exggrimental sections and "

four contro\fsections. Three, qf the experimenta1 sect%ons were taqgﬁt by the d1rector

-

acher: The course

of the project, a college teac§ r of chemxstry, whr?e th fourth/was taught by an
: experxenced secondany chemxstry
3$

S gitgﬁ for .half-time during
the Sprlng semester as an add%tiﬁnaT requwred course forf;he experimental group.
+ Those students in the gxperxment§a sections: whorplanngd/to take chemistry the foITow1ng | f
year were fo]]cwed in our study . '“':/ T;. /z
The curriculum was ertten prxor tg/the fj;ﬂd test; later parts were mq\:fxed
and rewritten éefore. 1nstruct10n based/én feadback from the first part of thg course.
. Most of the problems in the. text déait with everyday consumer and vocatienal varwab?es

« )7‘ )

with which the students were famtm&ér with the exception of some chem1stry prob]ems
' ;"\s © .
inserted as "nonsense" problems. ‘?ﬁe topics covered were: introduction to proport1ons

~including the unary rate,,unwts aﬁ&%ysxs--also known as dimensional analyszs‘\factor-
%

Iabel me thod, and qui/xﬁty ca}culaﬁi-, rate equatlons, rat1os and percentages, the

.inverse proportxon ‘gnd 1ntroduct1§? i'to graphs. Six experxments using familiar

materzals ina nevei way were aiso 3nc1uded A v -
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A gcal of close to }DOZ achievement was set far the first part‘of the” course.

.

. To achieve thxs teok Ionger than was expected so some: of the latter part of the | . f

!

- course was not camp1eted by. most oﬁgthe secttons. |
The mcst impcrtant znnovatxon in the development of the curriculum was. the
Yunany rate strategy whtch evo]ved durtng cTassrcom instruction based upon student
o " feedback. ‘The unary rate was a term we adopted ta descrxbe ‘the rate per one of a’
) vvarxable, such as miles per ofie hour or cost ;er one hamburger. The unary rate o vf
~‘strategy was swmp]y thatbsf you know how much per qne of a given’ quantity, then you .
;can find out how mudh for any mu]txp]e of that quenttty "Thus, if you pay 75¢_per . :
hamburger, then for S’hamburgers you will pay eight txmes as much This‘turned'out

to benthe strategy most Iogtcsa te the students and eventually, became the pr1mary

St *\y ) c
Two effects wefe 1nvestigated in thxs projent, with corresponding nu]ﬂ hypotheses
. : oo «

They were:

strategy used in our. teachtng

*

-~
*

x
(1). * The effect of the course on‘student s ab111ty to do proportxona1 “f*‘zgzrr

L]

\ - o calculatxons not explicitly involving chemical concepts and tesg; i
(2). The effect of the course on the students subsequent performance
| J‘n a regular secondary school college-preparatory chemistry course.
fThe re?ationshtp between the abt?fty to do proportional calculations and Piaget
Tevel Was also investigated. .
. To determtne whether the control and ekperimental groups were stetietically
equfva}ent, t-test comparisons were made of tﬂe differences in the means in test
sco;es between the two groups. These tests. included five given by the Project éne ‘

<

three from student records. The groups did not differ significantly. They also

did not differ significantly on any of the curriculum pre-test questions.
. (f T ‘ ' . o . . - S~ .
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Measure of the student's abilit& to do proportionaIIca]culations not .
F

exp]zcmtly involving chemxcal concepts and terms. was based on a test ngen before ST

7
the course as a pre- test, and in a matched versxon ngen after the course as a post-

Jtest. A description of the pre-test will be given later, - An analysis of variance

was carried out using the procedure developed by Lindquist (Design and Anaiysis‘of

Experiments in Psychology and Education by E. .F. andqu1sty Houghton Mifflin Co. .,

Boston, 1953 pages 172-177) 1in which the experimental unit is the class rather than
A4
the student, Table 1 summarizes the resu?ts for the ana]ysxs of varzance of ans

of d1fferences in the pre-test and post-test scores., The T hypothesxs that there'
was no. d1fference in the change of achtevement in proportiona? problem—so1v1ng due .

to takzng the Sciengce-Math Courfe was‘;ejected at the 1% level of swgn1f1q@nce * We

]

conclude that the course was successfuT in tesch1ng probortional calcuiattons to the

.

xperxmontal group N

[

VaRana It should be recognized that this was’ essent1a11y a pxlot study which is now in

the process of being r@plxcated on a lerger scaIe Several of the questions used qn'

.the pre test showed é:cexlTng effect, there was little gain possible on these

&

questions bec7bse scores on the pré-test were already h?ﬁh Such questxohs tewded to
be rote types. Also, ‘there was little gaxn on topics near the end of the curr1cu}um

primarily because most sections studywng the Scmence Math course never got to them

Had more time been available for tire course and had quest1ons with a ce111ng effect

been omxtted “the IWprovement in scores on & test of proportxonaT calcu1at1ons after

the Science-Math course might have been greater th?n they were in the study. Tab}e 2

pragents an overview of the pre-test; it describes the questioo by type and range of

]

pre-tesf scores for the combined experimental and ‘control groups. £ The classification

/ .
by score 1nto three cognwtive Yevels suggests a hxerarchy of comprehension of propor-

tional probiem—so?vxng. The'IOfest cognitive level, with the hwghest achxevewent

ry - . . L
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Table 1. AnaIysrs' of \_!arviance of Pre~ and Post~Test :
o o Dtﬁ rences in Total Scores Between the ‘
L Exp&Pigental and Control Group
3 e g?‘*\ | ‘ ;
&Y “."-" ! .
, ' PN ‘ 4
MEAN SCORES ‘\xzxi?EmnENTAL CONTROL
Pre-Jest 5.337 | s5.000
\ Post-Test .- 7.833 - 5.325 .
. . .
Sulm of | Dagrees of Mean R
Source Squares eedom ‘Square  F-Test Signific_ance
Group »  85.110 85.110 15.776 0.008 .
Section® _32.369 N\ 5.395 1.607 0.159
Student  228.351 3.358
Total  345.850\. 4.611
} -
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' ‘Table 2. CIassifscation by ‘Score-on Each Sc:ence-ﬂath
o Pre-Test Question* (Pracedure Correct) .
- . C ) T, -
- Question ~Mean Scores \ o . ool
o.group’ . - {on each = . - Question Type of . Cognitive R A
by score item) Number - Question Group Type '
" Easy,’ 0,895 | b Rate-ratio e me"';ﬂ -;' fu
2/3 or more of . - . S ©  "cognitive =
55 have e 0.7%6 . 2 Additive o v
_ correct -~ 0.871 , | 5 R Algebra, symbols only o .
.Hfddié, ot 0.658. 6 - Percentage .Hiddie RN

between 1/3 gndv 0.618 3 Algebraic, !abeled

cognitive or

'2/3 correct - aumbers transitiopal -«
0;500 _“'- " 1 e One=-step proportion,
i C e o word. distractors - i
0.487 - 8 °  One-step proportion )
Lo ‘ with picture (similar
o ' ) to Stickman). 3 "
‘pifficult, - 10.329' . 7 Flvé-step prcportion,' Upper
Jess than 1/3 : ' one rate:inversion cognitiva
correct” | : ‘ information , S .
. R o - organized o ’ .
A B ¥ ) 5 . Two-step word
o I : ~ proportion
= . g.1s8 = . 9 Equation from data
’ 0.066 . , .10 !nvefSidn pnnportion . )
* Question 2, was an exploratory gquestion on additive reasonsng‘ \ ’

in a problem of constant differences. Such problems were not
taught in the Science~Math course.!
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- Piaget level suggests itself but is, of course, only speculatxve w1thout further

testlng \\\\ | ) \\ l o. . ’ A ’ . . A }

for those students who had been in the study and went on to take chemtstry.‘ Since

Table 3 presents the. ANO

' of‘proportionathTeesoning; These tests were givég'before the Science-Math coorse for

. . N ,
> e v .

|

_includes rate problems. The hxghest cQgnitive 7eve1wxnc1udes problems with more =
‘than one step or. else 1no1udes the 1nv:>§e\orooort1on A correspondence with

\

" The second effect :nvestigated concerned transder to ach1euement in chemistry

T

r

the quentxtatlve 53¥t of the course 1n chem1stny at this partxcu1ar htgh'school wes .
given durxng the first semester,\we examxned the quent1tat1ve questtons Yncluded in _
the mid-year examination. The null hypothesis was that there was no 51gn:f1cant |
dffferenee in setting up the corregt EXPPESS1DHS‘fOP_SQ]VTng quant1tat1ve problems l,'
between stodents‘who had tgken theeexperimental course and those who hed noﬁ; |
Vﬁjon aohievement on problems. The hypothesis is accepted

sinte the significance'did not reach 5%. However, the difference was sufficiently
close to sxgnxfwcance to encourage repIicatxon of -the study with an 1mproved
curricoluT.and a longer perwod of study. | R .

Another questxon mvestxgated was whether there is a re’tatwnship betweevabxhty
tokdo proportional calculations not explicitly involving chemtcal concepts-and terms

and Piaget level. The measure of Piaget cognitive level was-a sum of the Gray Test

of Logital Reasoningffor combinations and control of variables, and the Stickm§§§kest

)

¢
¢

both*the'experimenta1.th controt oroups ‘ One concrete and two formal kognitive levels
o

| based on the scores were calculated, for the control and exper1menta1 groups. The null

:hypothesis;was that there was no relationship between Piaget Tevel‘and Tevel of

achievement.on the post-test for both the experimental and control ghoop.
' ' ¢

o



- Source

Table 3.

-
I

Sum;of
Squares

Analysis of Variance Table Comparing Ex_erfmentalhénd' 
Control Groups for Correct Dimensiomal Analysis. in
Stoichiometry Problems B :

L
Lo \ -
\ i .
. < . »

Degrees of . Mean

« Freedom: ~, Square ;FeTest ‘ §ignif?can;e

. Group .
Section
Student
Total |

‘/{’.'

'11.068"
12,240

1 240.628 '
- 263.931

.
-
-
-~
—
-
»

1 . . 11.068  '5.425 . . ©.0.089
oS : . o
6  + 2.00 . 0.56.  Over 0.5
- 62 " 3.881 o o

69 , 3.8

A

S




o o ) - -8- . - | T - i

The strength of the linear relationship between Pagetian reasoning and

-

achievement on the past-test was estimated by Spearman's rank carrelation coefficient

corrected for ties, usimg a t distribution (Qjegeﬁ p. 212).. The results are shown

. : D : .
in Table 4. | | : \
~_. : ) .
Table 4. Relat1onsh1p Between Pjaget Reasoning and Achievement '
~ . «on Post-Test ' :
Control ‘ 3 Experimental
Degree of S ~ C
Freedom, n-2 _ 38 - B 34
Correlation | 0.788 T - 0.257
R - 6.87 - ‘ . 1.55
Critical t>3.65 . o t>2.02
.region for’ : .
- two-tailed: at 0.00] ' - - at 0.05
: test ' ‘ .o - :
| B I o )
" Significanc - Less than 0.1% . : Greater than 5%

" A sjgnificant'relationship between Piagetian reasoning and achievement appears
for the'contrai group but not for the experimental g;oup. SThis suggests that‘studying
;> | the Science- Math course helped the students ‘with lesser* ability to improve in achieve-
ment on problems of proportional calculatxons
To investigate further the relationship between Piaget level and achievemg?t.
achievement on the post-test for the experiment and coptro! groups}wére comp ed‘for

1 the studeﬁti\at the three Piagetiaﬁ levels of concrete, lower formal, and uppar formal.

The results are shown in Table 5. i \

Toe . n
. ] .
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Table 5.,

Post-Test Scores of Experxmental and Control Gmups

for Students at Three angetxan Leve!s _

* Piaget Score ¢ 8

8< Piaget Score %10 |

" Piaget Score>10

Post-Test . Concrete ’ Lower Formal “ Upper Formal
Score Control , Experimental Contml Expemmen a] Control ‘ Expemmental
Py \\';M)T'j &I s
2 2 K \ o
4, r 2 7 R ]
5 2 ER 2 | 1 |
6 | i R 1
" P . - ] I
7 1 1 6 3 2
. 8 2 ) 5 5, B
g . “ s 9 \ o 5 &,
10 1 ; 3 1 )
N R o I ; PO
N peon g 14 20 15 7
g : .
Mean 3.64 - 767 R 7.75 "7.33 8.57
~ . C/.\.\
¢ _ 2
' !1 s
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The dtfference in ach1evement on the post-test. between the experxmental and<§

contro] groups at the three Pthetxan Ievels was - tested using the Mann whxtney U

Statistic. (Stege%, p. 119). The results are summarized in Tabie 6.

. . N R r's .
- N .

. R | -

. F :

' . . \1 ‘ e
i

o Table 6. . Di fferences in Achievement in the Posthest Between
IR -Expertmenta‘ and Control Grpups at Various Piagetian
Levels. T o

L | |
éontrcll B Eipeﬁimenta}- o »

Sum of Ranks | N | Sumof Ranks  N| U  Significance -

v‘T . : 0: o o ‘ ., DE -

el e, 9| 8. Less-than0.1%

~ Lower Formal 1235 14 | 4715 . 20 |[18.5 Less than 013

‘Uppei Formal 155 s | 9 7| 35

Conérete - 74

Greater than 5%

n
. ) .~ . -
- . . ‘ . « N - P
. . . e o
P

Fromtthese tests the nuT} Hypothes1s of no dlfference in achxevement’between -

the exper1mental and control gréups is regected for students at the concrete and

Tower, formal levels, but not at “the upper formal. | - ;f v

-

‘ Hence ‘we see that the anget concrete and Tower forma] students showed szgntftcant

Q

1mprovement in achievement tn propertxoﬂé] calculations as a result of the cpurse ;
“

wh11e the upper fprma1 students Q1d,not. It needs to be poxntgd out that not aIl

asections of.students finished the Séience-Math curricuium” Perhaps study of the last-
i

chapters which contatned ‘more advanced materials mxght have sxgntfxcantly 1mproved the
]\ ‘achievement of the upper formal students. _ o .- | i
£ " . A s
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Ref.: Noniparametrxc Statistics for the Behavioral Scxences by Sidney Siegel,
© McGraw-Hill Book Corpany, New York, 1956. | '




